§ 1. Introduction
We consider the scattering problem for the wave equation by two finite obstacles. Let 0 be a compact set in 72" (w^ 2), and assume that Q = R n -(9 is connected. Consider the following problem Denote by k_(s, w) (k+(s 9 a>)) eL 2 (/Z 1 x5 11 " 1 ) the incoming (outgoing) translation representation of the initial data (/i,/ 2 ). The scattering operator S: k_->k+ has a distribution kernel S(s,0 9 co) called the scattering kernel (cf. Lax and Phillips [6] , [7] ). Recently several authors have studied on the relation between 0 and S(s, 0, to). Soga [14] and Yamamoto [17] have characterized the convexity of 0 in terms of the singularities of S(s, -CD, CD) as follows :
is convex if and only if sing supp $(•, -O),(D) has only one point for any &Ei.S n~l .
The purpose of this paper is to study the location of sing supp £(•,-a>,fl>) when 0 consists of two convex obstacles 6 l and 6 2 -Set r t -(cw) -min,^ x • <w(i = l, 2). Suppose that 0 l n @ 2 = <f >-The first main results is the following:
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Theorem 1. Let ax^S"' 1 satisfy
Then there holds sing supp 5(«, -oi,oi)n [min I . =li2 (-2r f .(cw)), + oo) = {-2^(0)), -2r 2 For the more restricted <w, we can know precisely sing supp £(•> -ft), co) which is included in ( -oo, min z -=1 , 2 ( -2r £ (o>))). Let x Q &P = {x: x * w = min i==li2 r i (a)) -1}, and consider the broken ray starting at X Q in the direction o> at the law of the geometrical optics. Suppose that this ray is reflected once at each points x l9 °**,x m on the boundary and returns to the point x m+1 on the hyperplane P in the direction -CD. To those points we assign the numbers , these theorems corresponding to Theorem 1 and Theorem 2 have been proved by Nakamura and Soga [10] under the slightly different assumptions. The main tasks in the proof of Theorem 2 are to show that there exist actually the broken rays with the properties (i) 9 (ii) and (iv) stated in Theorem 2. In [10] they have been proved the existence of such rays in the case of two disjoint disks in J2 2 , and that the proof in R z can be reduced to that in R 2 when both 0 1 and 0 2 are balls. However to the present case we cannot apply the method employed in [10] .
Our proof is based on the following thoughts. Let a) be the direction given in Theorem 1. Suppose a plane wave propagates in the direction CD and hits a convex obstacle 0 l . Then the wave front reflected by O l will be have no focal points and that there will be at least one broken ray reflected in the direction -co. Suppose the wave front reflected by G ^ hits 0 2 subsequently and is reflected by 0 2 > Then it also has no focal points and there exists at least one reflected ray with the direction -a) again. Using the precise investigation of the convexity property concerned with the incident wave front, the reflected one and the obstacle (Lemma 2. 1), we can check that this process is successively true. For proving the property (i) in Theorem 2 it is essential to use the estimate (1.4). The estimate of the type (1.4) is proved in [10] based on the fact the Gaussian curvature of the boundary dQ does not vanish anywhere. However, this is not our case. Actually we derive (1.4) by estimating more precisely the difference \Xj -x j+1 \ -dist(0 l5 0 2 ) (Lemma 2.6).
After completing this work, the author is informed that Petkov and Stojanov [12] (without proofs) have extended our results [10] where (ajk)j.k=i,2.-,n-i is a (w -l)X(w -1) matrix. We will use later the notation * (a jk ) Jik==li2 ,..., n -i which is a transpose matrix of (Oy,*=i,2.-,»-i.
Next we study the convexity property concerned with the incident wave front, the reflected one and the obstacle.
For <j>(x) with |F000 =1, we will call the surface [y: 0(jO=0(*)} tne wave front of <j> passing x (cf. §4 in [4] ). Let 0 be an obstacle and fix *°e 3 6 . Let ^± be functions defined in a neighborhood 1 )). Using the implicit function theorem, we define 27 ((7) and /(#) which satisfy the following equality (2.1) 0(7(ff))=y(ff)+/(<0»(<0 for o^U (cf. §4 in [4] ).
Then the wave front 0 + passing x° is represented of the form where r(<0=x»-2{i» -Obviously It holds (F^+) (r(») = r(0). Under the above notations, we have the following lemma. Differentiate the both sides of (2. 1) with respect to a k and take inner product with 3i'/3^(0). Then we get
Similarly we obtain 0) .300^/3^(0) -Combining these equalities imply the equality (2.2). It is easily seen from (2 0 1) that rank (3^/3^(0)) is equals to n -l. Thus the proof is completed, Lemma 2 0 1 shows that the reflected wave front generates a convex surface when the incident convex wave front hits transversely the convex obstacle. For the strictly convex obstacles CJ2 Since the case of x^dO 2 can be treated in the same way, the proof is completed. For the proof of this theorem, we shall prove some lemmas concerned with the reflection points of the broken ray. Set If *(j)e {*,+/,£,: 0^/^/ y } 9 we have
On the other hand, we get This, combined with (2.5), implies 
For the proof, the following lemma is needed. In view of Theorem 2. 1, 2. 2, 2. 3 and Remark 2. 3, all we want to do is to prove Theorem 1 and (ii) in Theorem 2. The procedure of these proofs are the same as those used in [10] . Therefore we only sketch it here (for details procedures, see §3 in [10] ). To analyze the singularities of £(•, -<w, a>), we use the following representation (cf. Majda [8] and Soga [14] ) : Taking account of the relation between the singularities of v and the broken rays of the geometrical optics considered in Guillemin [2] , Petkov [11] , etc., we may expect that sing supp 5(-, -CD, (o) is contributed only by the broken rays associated with (1.3). We can construct the asymptotic solution of the equation (3. 2) near these broken rays in the same way as in §7 in [4] , and reduce the proof of Theorem 1 and (ii) in Theorem 2 to showing that the following integral does not decrease rapidly as |<r|->oo: [15] when 0 1 -is convex, we observe that (3. 3) does not decrease rapidly as |ej|-»oo.
